Photoelectron spectroscopy with ultraviolet (UV) radiation is capable l of giving very precise and detailed information on the outermost electrons.
It is, at present, limited to electrons with binding energies of less than 21 eV. Less precise information can be obtained by x-ray photoelectron spec-2 troscopy on both these and more tightly bound electrons. Data from the two types of photoelectron spectroscopy can be combined to give a complete picture of the ionization potentials of a particular molecule.
X-ray photoelectron spectroscopy can give not only the values of the ionization potentials, but also information on the makeup of molecular orbitals. For l keV radiation incident on carbon, for instance, the cross section for exd ting n. 2s electron is considerably larger than that for exciting a -2-UCRL-18961 3 2p electron.
Thus, relative intensities can be used to determine whether a particular photoelectron peak corresponds to a vacancy in a predominantly s or a predominantly p level. For instance Hamrin, Johansson, Gelius, Fahlman, Nordling, and Siegbahn 4 have shown for methane that the probability of exciting electrons from the 2a 1 orpital (mostly carbon 2s) is three or four times higher than the probability of exciting one from the lt 2 orbital (mostly carbon 2p)
. even though there are three times as many electrons in the lt 2 orbital as in the 2a 1 orbital. They have seen a similar effect in ethane, where the probability of ionization of the 2a 1 g and 2a 2 u levels (mostly carbon 2s) is considerably greater than that for ionization of the levels that are mostly carbon
2p. This effect is demonstrated in Fig. l , which shows the spectrum of loosely bound electrons on acetylene excited with magnesium K X rays. The binding energies indicated by the two arrows (3crg and liT ) were measured by UV photo:... u electron spectroscopy. We see that there is no detectable excitation of electrons from the two outermost levels, whose wave functions are composed almost entirely of carbon 2p and hydrogen ls wave functions.
X-ray photoelectron spectroscopy also provides a technique for precise measurement of the binding energies of the most tightly bound electrons. of the spectrometer.
For these experiments the exciting radiation was magnesium K x rays a ( 1253.6 eV). 7 The electron energies were measured in an iron-free doublefocusing spectrometer of 50-cm radius. 8 The substances studied were introduced into the spectrometer in the gas phase. All were obtained from conunercial sources, and were used as supplied without further.purification. With the possible exception of acetylene (which is supplied dissolved in acetone) I saw no evidence for impurities in any of the materials studied. (The 2 eV discrepancy here is about the same as the discrepancy between Hartmann and Chun's value for neon 1s and that found by others. See Table I .) The ionization potential of the least bound electron (1t 2 ) has been measured by a 13 4 . The experimental values are generally smaller than the calculated ones by five to ten percent.
B. ·Ethane
In ethane the carbon 1s (or 1a 2 a + 1a 1 g) level is found to be 8. These presumably correspond to the 2a and 2a orbitals, which are primarily
composed of the carbon 2s orbitals. As noted above, the cross section for -8- Beyond that, the results of the various theoretical calculations resemble one another more than they resemble the experimental results. The pattern seen before is apparent in Fig. 6 , namely, the theoretical calculations predict higher binding energies than are found experimentally (except for the least bound level) . There are two features of the data that suggest that the central carbon has a different binding energy from that of the methyl carbons. In the first place the average binding energy of neopentane is 0.2 eV less than that for ethane.
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We would, however, expect the ls electrons in the methyl groups of neopentane to have the same binding energy as those in the methyl groups of ethane. The observed shift can be accounted for by assuming that the binding energy for the central carbon is about 1.0 eV less than that of ethane.
Furthermore, the peak shown in Fig. 7 for neopentane is about 10 percent wider than I have found for most other carbon lines. This extra width is consistent with there being a satellite peak one fourth the height of the main peak and displaced about 0.5 eV to higher or lower energies.
The least-squares curve of sec. We expect (and find experimentally) that the ion will be formed with a ls hole.
Whether there will be additional excitation of the ion beyond that due to a ls hole depends on the relaxation time for the various electrons involved. For instance, the ls wave function must change from one appropriate to neutral carbon, where one of the ls electrons is shielded by the other, to a wave function appropriate to ionized carbon, where this shielding has disappeared. We can make a simple estimate of the time required for this relaxa- longer and it seems likely that the ion will sometimes be left with a higher excitation than that due to a ls hole alone. Electrons emitted in such a process will appear in the spectrum at kinetic energies lower than the usual value. Some evidence for such processes has been found for x-ray excitation 24 of the rare gases.
B. Comparison Between Experimental and Theoretical Results
According to Koopmans The situation for the outer electrons is similarly in accord with the calculation for atomic carbon.
C. Carbon ls Binding Energies
The carbon ls binding energies of the compounds studied are summarized in Table II In addition, however, the measured shift seems to be in the opposite direction from that suggested by chemical evidence. For instance, the elec.:... tronegativity of carbon is greater than that of hydrogen, suggesting that an.
alkyl group should be electron withdrawing relative to hydrogen. Although for unsaturated carbons alkyl groups are known to be electron donating, 32
there is some evidence that a methyl group attached to a saturated carbon is 33 electron withdrawing relative to hydrogen.
There is an important difference between the other determinations of the electron withdrawing power of alkyl groups and those reported here. The previous investigations have determined this property for neutral molecules.
In photoelectron spectroscopy, the result is affected by the properties of both molecule and ion. The positively-charged carbon left after ionization withdraws electrons from the neighboring atoms, reducing the total energy of the ion, and, hence, reducing the ionization potential. We can estimate the relative electron donating powers of an alkyl group and of hydrogen towards a positively-charged carbon by looking at the carboxylic acids. In these the carbon will be positively charged since oxygen is more electronegative than carbon. (Measurements of the carbon ls. binding energies give results in agreement with this conclusion.
34 ) The higher acidity of formic acid relative to acetic acid indicates that the carboxyl carbon in acetic acid is more negative than that in formic acid and that, in this situation, the methyl group 
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